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Abstract
Objective: To define standards for normal endothelial function in adolescents by high-resolution ultrasound
measurement of endothelium-dependent vascular dilatation.
Methods: This was a cross-sectional, descriptive, observational study and part of the thematic project Clinical
Study of Growth, Behavior, Arterial Hypertension, Obesity and Oral Health (ECCCHOS) that was developed by the
Discipline of Nutrition at the Universidade Federal de Sªo Paulo. Thirty-one adolescents, eight male and 23 female,
with no risk factors for systemic arterial hypertension were selected from 1,420 high-school students. The students
were daytime pupils at a school in the southeastern district of the city of Sªo Paulo, the capital of Sªo Paulo state,
located in the Southeast region of Brazil. All results are presented in the form of means with standard deviations
and percentiles.
Results: For male students, endothelium-dependant dilation 90 seconds after the cuff was released was
20.9–6,7% [mean –1 standard deviation] with a 10th percentile of 12.5 and for females these figures were
18.8–12.9% with a 10th percentile of 6.6%. Values for the whole group of subjects were 19.3–11.7% and 6.7%,
respectively.
Conclusion: Endothelium-dependant vascular dilation of 6.7%, after 90 seconds, which corresponds to the 10th
percentile, can be considered the lower limit of normality for this age group. Knowledge of this limit is important for
the diagnosis of endothelium dysfunction that appears before cardiovascular disease.
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Introduction
The endothelium is one of the largest and most complex
organs, with more than 1x1012 cells and weighing roughly
the same as the liver.1 It was only in 1977 that the
endothelium ceased to be considered as merely a layer of
inert cells that cover the luminal surface of vessels. From
that date onwards discoveries were made of its importance
to the control of vascular tone, to coagulation and to the
growth of vessels, in addition to its specific roles within each
organ, such as in gaseous exchange in the lungs, in the
control of myocardial functions and of phagocytosis in the
liver and spleen.2 In the kidneys, it is vascular endothelial
growth factor that induces elevated permeability to water,
a characteristic of glomerular endothelium.3 Endothelium is
an active participant in metabolic processes, plays and
important role in controlling platelet activation and produces
vasodilators such as endothelium-derived relaxing factor
(EDRF), nitric oxide (NO) and prostacyclin, in addition to
vasoconstrictors such as endothelin.4
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Endothelial injury is the dominant factor in the production
of thrombosis and is crucial in the genesis of atherosclerosis
and arterial hypertension and, irrespective of cause, exposes
collagen, which promotes platelet activation and adhesion,
triggering the coagulation process. Platelets adhere to the
extracellular matrix by means of the von Willebrand factor.
Prostacyclin and NO impede platelets from adhering to
normal endothelium.5
Studies have found evidence of abnormal endothelial
function in people with risk factors for arterial hypertension
and atherosclerosis, such as obesity, familial
hypercholesterolemia, family history of arterial hypertension
and low birth weight.6-8 These studies assessed endothelial
function by means of high-resolution B-mode ultrasound, a
methodology that is widely used to evaluate endothelium-
dependent vascular dilatation. This dilatation is a function of
NO, which is a potent vasodilator and is produced by
endothelial cells in response to stimulation from blood in
contact with the vessel walls. A reduction in this response
signifies reduced NO production, which is a sign of endothelial
abnormality and takes place before the appearance of
systemic arterial hypertension, atherosclerosis and other
cardiovascular diseases.
Endothelial function assessment, performed by the
noninvasive method of high-resolution ultrasound, produces
precise and reproducible results.9 Based on the principle
that all procedures, whether diagnostic or therapeutic,
should produce the best results with the least side effects,
such as causing pain and organic injuries, this methodology
can be considered extremely useful for programs aiming to
prevent diseases that make up the metabolic insulin
resistance syndrome  Syndrome X. In this syndrome,
obesity and dyslipidemia in childhood and adolescence
generate hypertension during adulthood.10
The literature investigated did not provide standards for
normal endothelial function in adolescents assessed by
high-resolution ultrasound. This being so, an assessment of
the endothelial function of adolescents with no risk factors
could define these standards of normality and it is this that
was the objective of the present study.
Patients and methods
This is a descriptive, observational and cross-sectional
study, part of the thematic project Clinical Study of Growth,
Behavior, Arterial Hypertension, Obesity and Oral Health
(ECCCHOS) that was developed by the Discipline of Nutrition
at the Universidade Federal de Sªo Paulo - Escola Paulista
de Medicina (UNIFESP-EPM).
The project was approved by the Committee for Ethics
in Research at UNIFESP-EPM and given reference number
0599/02.
During the months from June to December 2002, trained
physicians specializing in pediatrics and nutrition, weighed
and measured 1,420 adolescents born between March 11
1984 and September 17 1987. This was 98.68% of the
students registered to attend the daytime classes at a public
high school in the city of Sªo Paulo, capital of the state with
the same name, in the Southeast region of Brazil. Three
hundred and forty of these 1,420 individuals were eligible
for the ECCCHOS project. These 340 were chosen in the
following manner: adolescents were summoned by class
and were weighed and measured in the order that they
arrived. When an obese or overweight subject was identified,
the next well-nourished subject, paired for age and sex with
the overweight or obese one was selected. The same was
done when an individual with small stature was identified,
the next well-nourished student, paired for age and sex was
selected. Anthropometric (weight and stature) assessment
was performed and blood pressure measured11 at the
school during the periods set aside for physical education in
accordance with procedures recommended for fieldwork.12
Parents or guardians attended the school and were informed
of the study objectives and provided information about the
weight and stature of the adolescents at birth, chronic and
familial diseases and nutritional habits. When the biological
parents attended, weight, stature and blood pressure were
measured. These measurements were taken using the
same measurements described for the adolescents. The
parents or guardians and the adolescents provided signed
authorization in order to take part. The participating
adolescents had systemic, systolic and diastolic blood
pressures below the 95th percentile of blood pressure for
their percentile of stature for age11 and were at Tanner
puberty stages 4 or 5.13 None of the adolescents had an
acute or chronic disease and neither had they suffered from
any prior pathological processes that could have interfered
with their physical development (rickets, hypothyroidism,
growth hormone deficiency, Cushings syndrome, renal
insufficiency). Seventy-eight of the 340 adolescents selected
were excluded for being obese or overweight and 38 were
excluded for short stature. In addition to these, seven were
excluded because they refused to have their blood pressure
taken or were hypertensive, eight because they had had
birth weights of less than 2,500 g, 77 because they did not
continue follow-up, 33 did not attend for endothelial function
assessment, even after repeated appointments were made.
The parents of 53 adolescents were either hypertensive or
did not attend for blood pressure measurement. Four
adolescents had hypothyroidism, one had elevated
cholesterol and 10 had increased lipoprotein-A. After these
exclusions the 31 adolescents that make up the present
study remained.
Total cholesterol (TC), HDL cholesterol (HDL-C) and
triglycerides (TG) were assayed by the enzymatic
colorimetric method (Ópera, Bayer, USA). The LDL-
cholesterol (LDL-C) sub-fraction was obtained by applying
Friedewalds equation: LDL-C = (TC - HDL-C + TG/5).
Glycemia, creatinine and urea were measured using
automated Ópera Bayer apparatus. The enzyme activities
of glutamic oxaloacetic transaminase (GOT/AST), glutamic
pyruvic transaminase (GPT/ALT), and gamma-glutamyl
transferase were studied using Dialab reagents (Germany).
Both TSH and free T4 were assayed using competitive
enzyme immunoassay with AIA-PACK TSH reagents.
Nephelometry was used for assays of lipoprotein-A,
apolipoprotein-A, and apolipoprotein-B.
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Endothelium assessments were performed at the
Fundaçªo Oswaldo Ramos Kidney and Hypertension
Hospital, a supplementary service of the UNIFESP-EPM,
and employed high-resolution B-mode ultrasound, utilizing
techniques that have been described previously.6 The
equipment used for ultrasound was a digital, two-
dimensional HDI-3000 model, equipped with a 7-9 MHz
linear transducer and manufactured by ATL Ultrasound,
Inc. (Bothell, WA, USA). Examinations were performed in
an air-conditioned room at an ambient temperature of
around 22 ”C. In order to avoid circadian variations, all
examinations took place during the morning.
The lower limit for normality was set at the 10th
percentile for endothelium-dependent dilatation, based
on studies by Järvisalo et al. who suggest this value.14,15
There are no other studies on medical literature indexes
that define standards for normal endothelial function in
adolescents.
Results
Table 1 shows characteristics of the adolescents
studied, with ages of around 16 years, and systolic and
diastolic pressure levels within normal limits11 and body
mass indices (BMI) below the 85th percentile, for both
males and females.16 Results from biochemical blood
assays were all within normal limits according to the
methodologies employed.
Table 2 shows mean values and their respective standard
deviations (SD) for BMI and pressure levels of the
adolescents mothers and fathers. Pressure values were all
within normal limits17 and BMI results revealed a population
with a large proportion of well-nourished adults and a few
moderate obesity cases (BMI > 30 and < 40).
Table 3 shows that, for the male adolescents, the
percentage of endothelium-dependent vascular dilatation
90 seconds after the cuff was released was 20.9–6.7%,
while for the 23 females this was 18.8–12.9%. When all 31
adolescents are taken in conjunction, the mean dilatation
percentage and its respective SD is 19.3–11.7% and the
10th percentile is at 6.7%.
Discussion
The present study only enrolled adolescents at Tanner
sexual maturation stages 4 and 5.13 In line with the stated
objective of contributing to defining standards of normality
for endothelium-dependent vascular dilatation, we found
a percentage variation in diameter 90 seconds after
removal of the cuff that was greater than has been
reported in other studies. However, all of these had
patient samples that differed from ours, in particular in
terms of age groups.6,18-28
While the studies found in the literature employed
similar methodology for endothelial function assessment,
the employed patient samples which, in addition to including
individuals from wider age ranges than the age range of the
adolescents in our study, also differ by not having exclusion
criteria that could demonstrate that the patient sample was
free from metabolic or functional bias.
Singhal et al., studying the influence of rate of growth
at 2 weeks postpartum on the endothelial function of
adolescents at Tanner puberty stages 4 and 5 and aged
between 13 and 16 years, found a mean flow-mediated
vascular dilatation of 6.1–2.8 SD in their control group.
This value is lower than the figure found in our study,
despite the ages of the adolescents being close. The study
did not exclude patients with first degree relatives with
cardiovascular disease.25
Järvisalo et al., studying 105 individuals aged 9 to 16
years, found that for the 24 subjects with the lowest
weights, lowest body mass index and smallest diameter
brachial arteries, there was a greater time interval [mean
of 104 seconds –1 SD (40 seconds)] between releasing
the cuff and peak vascular dilatation.14 For the other 81
subjects, the mean for the same interval was 72 seconds–1
SD (27 seconds). Our study assessed dilatation 90 seconds
after the cuff was released, a point between the two
values in the research cited above.14
Variables Male sex Female sex
(n = 8) (n = 23)
Birth weight (kg) 3.4–0.5 3.2–0.5
Ages (years) 16–0.8 1 6.3–1.1
SAP (mmHg) 104.6–4.8 97–10.5
DAP (mmHg) 65.4–6.1 63–6.7
BMI (weight/hight2) 20.5–2.6 20.3–1.8
Table 1 - Distribution of birth weight, age, pressure levels and
body mass indices (BMI) of the 31 adolescentes
without risk factors for systemic arterial hypertension
according to gender
Values expressed in mean ± standard deviation.
SAP = Systolic arterial pressure in millimeters of mercury; DAP = Diastolic
arterial pressure in millimeters of mercury; BMI = body mass index.
Variables Male sex Female sex
(n = 8) (n = 23)
BMI father 24.7–4.1 25.7–3.1
BMI mother 24.4–4.3 24.2–5
SAP father 118.9–10.7 118.4–7.2
DAP father 71.9–8.4 78.4–4.6
SAP mother 110.6–10.1 113–11.5
DAP mother 70.6–9.4 74.3–7.9
Table 2 - BMI and pressure levels of adolescents mothers and
fathers
Values expressed in mean ± standard deviation.
BMI = body mass index; SAP = Systolic arterial pressure in millimeters of
mercury; DAP = Diastolic arterial pressure in millimeters of mercury.
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In a different study, Järvisalo et al.,14 compared the
endothelial function of children with type 1 diabetes with the
endothelial function of healthy children with mean age of
11–2 years (mean–1 SD). Mean peak vascular dilatation
among the diabetic patients was 4.4%–1 SD (3.4%) and
among the healthy children the mean was 8.7%–1 SD
(3.6%). They defined the lower limit of normality as being
the 10th percentile of the percentage difference between
the diameters before and after reactive hyperemia in
healthy children.15 The 10th percentile was derived from
the normal distribution of values from a population of 105
children and adolescents studied by Järvisalo et al.14 and
was dilatation of 3.3%. In our study the 10th percentile was
at a dilatation of 6.7%.
Obesity, associated or not with hypercholesterolemia, is
a significant cause of endothelial dysfunction.18,20,23,26-28
As can be seen in our results, nine of the adolescents were
obese or dyslipidemic. This fact supports the figure of 6.7%
(the 10th percentile in our study) endothelium-dependent
vascular dilatation as the lower limit of normality in
adolescents.
There is much evidence that the  chronic diseases
obesity, non-insulin dependent type II diabetes, systemic
arterial hypertension and dyslipidemia have their origin
during gestation. A difference of less than 1 kg in the weight
of a newborn infant can correspond to an increase of more
or less 3.5 mmHg in pressure systolic in adulthood.29
Endothelial dysfunction may be associated with birth weight
inappropriately low for gestational age rather than with low
Variables Male sex Female sex Total
(n = 8) (n = 23) (n = 31)
Pre flow* ml/min 19.5–14.8 15.5–13.9 16.5–14.6
15" flow  (%) 1,833.5–1,239.1 1,615.9–1,468.9 1,672–1,396.4
90" flow  (%) 270.2–229.9 254.1–368.6 258.3–334.7
Pre diameter § (mm) 3.3–0.6 2.8–0.5 2.9–0.6
15" diameter ƒ (%) 1.9–6.9 -0.6–7.5 0.1–7.3
90" diameter ¶ (%) 20.6–6.7 18.8–12.9 19.3–11.7 **
Table 3 - Ultrasound assessment of the endothelial function
Values in mean ±1 standard deviation.
* Arterial blood flow in milliliters/minutes, before the cuff is inflated.
† Percentage of arterial blood flow increase, 15 seconds after the cuff is released, as compared to the flow before the
cuff is inflated.
‡ Percentage of arterial blood flow increase, 90 seconds after the cuff is released, as compared to the flow before the
cuff is inflated.
§ Artery diameter, in millimeters, before the cuff is inflated.
¦ Percentage of arterial diameter increase, 15 seconds after the cuff is released, as compared to the flow before the cuff
is inflated.
¶ Percentage of the artery diameter increase, 90 seconds after the cuff is released, as compared to the flow before the
cuff is inflated.
** The 10th percentile of vascular dilation was 6.7%.
weight due to prematurity and also with growth rate during
the first two weeks of life.7,25,29 All of the adolescents in the
present study were born fullterm and with adequate weight,
however we do not have information on their rates of growth
during their first weeks of life (Table 1).
Elevated l ipoprotein-A promotes endothel ia l
dysfunction. In a study by Sorensen et al., total serum
cholesterol was inversely related to flow-mediated vascular
di latat ion, i .e.  endothel ium-dependent. Among
hypercholesterolemic children this was inversely related
to lipoprotein-A and not with LDL or HDL fractions.18 The
adolescents in our study had normal serum lipoprotein-A
concentrations.
In a comparative study of patients who had received
kidney transplantation and healthy controls, all children and
adolescents aged 9 to 19 years, Lilien et al. found
endothelium-dependent vascular dilatation levels of
15.6–6.8% (mean–1 SD) for the controls,22 which is
similar to the result of the present study, although the age
group did include children.
No studies were found in the literature investigated that
had selected healthy adolescent individuals and with
normotensive parents, as was the case in the present study,
which included subjects in the age range of 15 years to 18
years and 8 months. For this reason comparisons have been
made with all studies that assessed endothelial function
using the technique described by Celermajer et al.6 and that
had adolescents in their control groups with ages similar to
the adolescents in the present study.
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The principal limitation of our study is the small number
of adolescents, which is the result of the difficulty of finding
individuals with no detectable risks for hypertension and/or
cardiovascular diseases. One proposal for reducing this
limitation is to undertake multicenter, controlled trials.
The 10th percentile (6.7%) on the endothelium-
dependent vascular dilatation distribution curve for the
adolescents in the present study can be considered the
lower limit of normality. The knowledge of this limit is
important for the diagnosis of endothelial dysfunctions that
precede the onset of systemic arterial hypertension and
cardiovascular diseases.
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